because they reported the two isomers Galp1-3GlcNAcfil-3GalNAc-01 and Galp 1 -4GlcNAc~l-3GalNAc-01 in pure form from a preparation of human bronchial mucins which had initially been purified in this way rather than by BioGel P4 gel filtration. Several studies have been reported using classical ion-exchange chromatography in mono-and oligo-saccharide analysis. In general (Jandera & Churacek, 1974; Goulding, 1975; Ladisch et al., 1978; Scobell & Brobst, 1981) , it was found that for cation-exchange resins eluted with water and anion-exchangers eluted with water or borate buffers. but not aqueous ethanol, the retention times for oligosaccharides increases with decreasing number of hydroxyl groups. A separation is therefore achieved mainly by size exclusion. These ion-exchange systems adapted to h.p.1.c. may therefore offer an alternative to classical size exclusion chromatography and, as shown by the study reported above (Van Halbeek et al., 1982) , may allow further separation of isomers. Interestingly, Bio-Gel P4 chromatography also gave a partial separation of the two trisaccharide isomers referred to above from human meconium and differing in a 1-3 or 1-4 linkage only, as they were obtained in different ratios in two fractions from human meconium oligosaccharides (Hounsell et a/., 1985) .
Studies using classical ion-exchange columns eluted with aqueous ethanol showed a different type of separation based on the stronger interactions of oligosaccharides having a greater number of hydroxy groups with the waterrich hydration sphere of the resin (Jandera & Churacek, 1974) . We have used a Micropak AX-5 anion-exchange column (Varian Associates) with aqueous acetonitrile, as reported by Mellis & Baenziger (1981) , for the separation of oligomers of glucose and of N-acetylglucosamine and for high-mannose-type oligosaccharides, and have achieved the separation of the two isomers Galpl-3GlcNAc~1-3GalNAc-ol and Gal01 -4GlcNAc01-3GalNAc-01 obtained from meconium glycoproteins, with the latter having the longer retention time. However, a separation of LNT-ol and LNNT-01 could not be achieved using several different acetonitrile/ water eluents. This system is currently under investigation for separation of other oligosaccharide isomers isolated from milk and human meconium glycoproteins. The chromatographic behaviour of E33G, E3 l6G, E317G, E33S, DHAS and 16-OHDHAS was studied in various systems based upon methanol/phosphate buffer mixtures as mobile phase with Hypersil-ODS as stationary phase. The mobile phase was varied with respect to the concentration of methanol, the pH of the buffer, the molarity of the buffer, all with and without the addition of the cationic pairing agent cetyl-trimethyl-ammonium bromide (cetrimide). The fundamental system forming the basis of this detailed study was chosen from many described by Van der Wal & Huber (1978) . None of the variations succeeded in separating the isomers E316G and E317G although this has been achieved by Shimada et al., (1982a) in a reversedphase system at p H 3 using a low percentage end-capped ODS stationary phase. In summary the following points were also noted:
Some
(a) With methanol/phosphate buffer mobile phases the elution order was E33G, E33S, E316G, 16-0HDHAS, DHAS. In accordance with reversed-phase chromatography retention times were inversely related to methanol concentration.
(b) The addition of 0.1% cetrimide to the mobile phase increased the retention times up to fivefold affecting the sulphates more than the glucosiduronates and reversing the elution order of E316G and E33S, as observed by Ager & Oliver (1 984).
(c) The affect of centrimide concentration in the mobile phase was complete for the glucosiduronates at 0.02% whereas for the sulphates retentions were still increasing at 0.1%.
(d) Retention times were inversely related to buffer pH as would be expected for acidic species. The effect was relatively greater at higher retentions and was significantly more pronounced in the cetrimide systems.
(e) Buffer concentrations had no significant effect in the absence of cetrimide. With cetrimide there was a pronounced inverse relationship of retention and buffer concentration, suggesting some similarity with an ion-exchange mode.
Direct chromatography of urine samples was found not to be feasible even with the increased retention time of the cetrimide systems and the specificity afforded by electrochemical detection. A micro-extraction procedure using XAD2 resin has been devised as follows: 0.4ml of pregnancy urine is applied with a syringe to a cartridge of 0.2 ml capacity packed with finely ground amberlite XAD2 resin. This is washed with 0.4ml 20% methanol/phosphate buffer, pH 8, and eluted with 0.6ml of 60% methanol/ phosphate buffer, pH 8. Fifty microlitres is injected into the h.p.1.c. system. Fig. 1 shows a typical chromatogram and the details of the chromatographic system. The authenticity of the E316G peak has been verified by the following criteria:
(1) The peak is absent in extracts from non-pregnancy urine.
(2) The peak is absent in extracts from pregnancy urine previously hydrolysed with 0-glucuronidase.
(3) Collected peaks hydrolysed with /?-glucuronidase and chromatographed in a suitable system yield only oestriol.
(4) Quantitative results correlate well with standard methods for measuring 'total oestrogens'.
E316G accounts for approximately half of the 'total oestrogens' as determined by standard fluorometric techniques. The recent introduction of a coulometric type of electrochemical detector working at a lower oxidation 
. Pregnancy plasma extracted as described in the text
Conditions as in Fig. 1 .
potential has rendered the total method robust and relatively troublefree. Fear of contaminating the large area of the electrode has caused us to omit cetrimide from the system and adjust the methanol concentration to maintain retention, without detriment to the method. A single urine sample can be prepared in 5 min and chromatographed in 10 min. Fig. 2 shows the results of this method, slightly modified, applied to plasma. One millilitre of plasma diluted to 5 m l with buffer is slowly applied to the cartridge, and final dilution is made with methanol which is evaporated and reconstituted in mobile phase. The recovery of the extraction process is reduced to about 55% but is reproducible and replicate analyses have shown a coefficient of variation of 5% or less. For the detection of placental sulphatase deficiency lOml of urine is applied to a Sep-Pak CI8 cartridge at a rate of approx. 2 ml/min. After washing with 5 ml of water and 5 m l of 8% aqueous methanol the column is eluted with lOml of 30% aqueous methanol. The washings and elutions can be performed at a fast rate. Fifty microlitres of the eluate is injected into the system. Fig. 3 shows a result from a sulphatase deficiency case and the chromatographic conditions. Recovery of both steroid conjugates is in excess of 90%. All cases of placental sulphatase deficiency have shown substantial 16-OHDHAS peaks. Normal urines show measurable E316G peaks and none have shown more than 4pmol of 16-OHDHAS/l. The whole procedure can be carried out in 40 min.
